HYBRID STETHOSCOPE 



Inventors: Gerard Cohen and Alexander Stravinsky, citizens of Israel and 
residents, respectively, of Rosh Ha'ayin and Rishon Lezion, Israel 



FIELD OF THE INVENTION 

This invention relates generally to stethoscopes and more particularly to 
hybrid stethoscopes adapted to convey to a physician's ears sounds emanating 
from an internal body region and at the same time to convey to the physician's 
eyes a visualization of these sounds. 

STATUS OF PRIOR ART AND BACKGROUND OF THE INVENTION 

Ausculation refers to the act of listening to sounds originating in internal 
organs of the body as an aid to diagnosing disorders of these organs and to the 
prescription of appropriate treatments therefor. The instrument commonly used 
for ausculation is the acoustic stethoscope. This consists of a bell placed by the 
physician on a body site overlying the organ of interest, the sounds received by 
the bell being conveyed by a tubular line to acoustic earphones inserted in the 
physician's ears. 

Because a stethoscope is a non-invasive means for ausculation, it is an 
invaluable tool for the medical diagnosis of abnormalities, particularly cardiac, 
lung and vascular disorders. However, the interpretation of sounds originating in 
internal organs of the body to determine their medical significance is not a routine 
matter. It takes a fair degree of skill on the part of a physician to make sense of 
these sounds. One reason these sounds are difficult to interpret is because of 
limitations of a stethoscope. 
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A conventional acoustic stethoscope functions as a low-pass filter whose 
band pass characteristics vary to a substantial degree from' manufacturer to 
manufacturer. But in all cases, high-frequency components of the internal body 
sounds are filtered out and therefore make it more difficult to determine me 
medical significance of the sound's. 

To some degree, the limitations of an acoustic stethoscope are overcome in 
an electronic stethoscope in which the body sounds are sensed by a microphone 
to produce an audio signal.that is amplified and then applied to electromagnetic 
earphones. But an electronic' stethoscope, because it is highly sensitive, also 
picks up internally-generated random noises. These mask the more meaningful 

sounds and confuse the listener. 

Also available are acoustic stethoscopes having a double-headed bell, one 
head being adapted to engage a smooth body surface, me opposite head, a hairy 
body surface. In all other respects, this stethoscope behaves like a conventional 
stethoscope and has the same acoustic Umitations. 

Another form of acoustic stethoscope is the stereophonic stethoscope or 
"symbaUophone" which makes it possible for the ears of the physician to 
compare the intensity and quality of sounds arising from the internal organs, 
thereby mforming Ihe physician of the location of the source of the sounds. But 
this acoustic stereophonic stethoscope also acts as a low-pass filter which 
excludes high-frequency components of the sounds. 

To facilitate an in-depth- analysis of sounds picked up by an acoustic 
stethoscope, mere is disclosed in Bredesen et aL U.S. Patent 5,213,108 a 
stethoscope having attached to its bell a transducer that intercepts the body 
sounds received by the bell to yield an audio signal. The signal is conveyed by a 
cable to an external monitor. This monitor is provided with a liquid crystal 
display which presents on a screen an analog waveform of the audio signal 
derived from the internal body sounds. 

In this monitor, the incoming audio signal is processed via a sampled 
analog-to-digital waveform whereby the sounds represented by the waveform can 
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BKIEF DESCRIPTION OF THE DRAWINGS 

Fi J. 2 ia a separa* view of the visua. dispUy module attached to the 
5 ^ 3 ^ *e disp* ***** — • - * > «" — 

Hs ss^canyinua^lhecon^ofamoMep^d^ 
W a— e — — 

capable of transmitting data; and in 

, ^„«ft^fl stethoscope on the body of a patient in 
15 Rg. 7 illustrates the position of the stetnoscopc 

different modes of operation. 

DETAILED DESCRIPTION OF THE INVENTION 

accord^^^^^ri— Z 

t - u^i l n k nlaced by a medical practitioner on a ooay 
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site B overlying an internal region thereof, sucn as 
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, a * tubular line 11 acting as an acoustic wave guide to 
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wbos e screen is exhibited an analog waveform W of the audible sounds 
impinging on the diaphragm of the bell and conveyed* the ears ofthephys.cian. 

As shown schematically in Fig. 5, module 14 is provided with a 
microphone 16 that is placed to intercept sounds emanating from the internal 
body site region and received by bell 10. In practice, me bell may be provided at 
its rear end center with an orifico in registration with the microphone of the 

module. , x- n +1. 

Microphone 16 yields an audio signal S that represents substantially the 

full ftequency range of the internal body sounds. However, as previously noted, 

me acoustic stethoscope acta as a low-pass filter, hence what is heard by me 

physician in whose ears are inserted me earphones 12 and 13. are only those 

ftequency components of the sounds which pass through me stethoscope, not the 

m ftequency range. 

Signal S ftom microphone 16 is applied to an integrated-arcurt amplifier 
17 whose output la fed to liquid crystal display device 15 on whose screen » 
exhibited me waveform W of the audio signal derived ftom me internal body 

sounds. , « 

By way of example, we shall consider the use of the hybrid stethoscope by 

a physician to listen to sounds emanating . ftom the heart region of a patient. The 
character of these sounds depends on the cardiac disorder responsible therefor. 
Thus heart murmurs are atypical sounds indicative of functional or structoral 
abnormalities. Different sounds are generated as a result of disturbances in the 
natural rhythm of the heart, a condition known as arrhythmia. A defective heart 
valve also produces distinctive sounds. 

• In order for a physician to make sense of sounds emanating ftom the 
region of the heart, he must, as it were, have a full picture of these sounds. This 
fall picture is provided by the hybrid stethoscope which makes it possible for its 
user, as he listens to sounds emanating from an internal body region, to 
effectively see these sounds, and from the combined visual and aural impressions 
to obtain a full picture thereof 



A hybrid stethoscope in accordance with the invention is compatible with 
existing medical procedures. In a typical medical facility in which patients are 
dishibuted thronghout the rooms of a hospital, a physician doing the rounds and 
going from patient to patient invari^ly carries on his person, an acoustic 
stethoscope, this usually being the only tool, as it were, carried by the doctor. 

Because the hybrid stethoscope only differs from a standard stethoscope 
a small visual display module attached to the bell, this addition does not alter 
the portability of the instrument which is just as easy to carry and to use as a 

standard stethoscope. 

Some acoustic stethoscopes have a double-headed bell, as shown to Fig. 3, 
one head 10A being adapted to engage a smooth body skin, the opposite head 
MB a hairy body skin whose hairs interfere with the operation of a conventional 
ben. In this double-head bell, the visual display module 14X is mounted laterally 
from (he junction between the rear ends of the abutting bells. 

To create a wireless nnk between the module and an external momtor 18 
included in module 14 is a miniature, urtegrated-circuit microwave transmitter 20 
whose radio earner is modulated by audio signal S yielded by microphone 16. 
The fcansmission ftomthe module on the bell of the stethoscope is intercepted by 
a receiver R Incorporated in external momtor 18. Tic resultant audio output of 
receiver R is fed to LCD display 19 of me momtor on whose screen is presented 
along a millisecond scale the wavefonn of the internal body sounds. Momtor 18 
includes menu keys Ml to MS which can be actuated to select the destred 
function or measurement to be made. 

In practice, a single monitor may be used to service several Hybrid 
stethoscopes. To this end, me transmitter on each stethoscope which sends out a 
znicrowave data signal precedes this data with a bar code signal identifying the 
stethoscope. Hence when a microwave transmission from a particular stethoscope 
is received by the monitor and processed therein, the resultant data whose source 
is identified, can be stored in the database of the monitor. 
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^^^^ A portable hybrid stethoscope of the type 
shown in Fig. 1 enables a physician to visualize as well as to bear internal body 
sounds and from the combined aural and visual impression to detennme the 
M^ofthedisorderresponsiblefortbesonnds. 

However, shonld one vrisb to make an in-depth analysis of waveform W, 
aispiayed in module 14 attached to Ore bell of tire stetiroscope, to more accurately 
dettnniue the medical significance of Are sounds, it is then necessary, m effecMo 
. feect or manipulate flris waveform in order to measure timing and other 
parametersti^arerelatedtopartictuardisorders. 

Useful for this purpose is a monitor similar to that shown m the 
10 ahovo-identifiedBredesen patent which is adapted to mampulate the waveform 
1 ^ch mampnlation including real time analog filtering of me delayed 
Worm, dighal filtering of me stored waveform and interna, timing between 
L tegi o positions of me body sound wavefonns. The Bmdesen mentor mds 
15 Jhysil in the analysis, recognition and diagnosis of me abnormalmea 
responsmlefbrmeinternalbodysounds. 

The box-like monitor of Bredesen is coupled by a cable to a mtcrophone 
M to the bell- of an acoustie steflmscope and the resultant combination .s 
not a portable instrument mat can be carried convenientiy by a physician. 
20 Moreover, the Bretiesen arrangement, though it presents tire wavefonn of the 
^ fco dy sounds being heard by me physician, it does not tpmsen, *. 
waveform where it can easi.ybe.seen by the physician as he holds tire bell oftire 
stethoscope. The monitor of Bredesen is necessarily placed at some distance from 
4e beU oftire stethoscope, and a physician cannot, as a practical matter, both be 
V looking at tire patient as be manipulates the bell and be looking at tire momtoc 
But even if he could men sea the monitor, tire waveform presented on its screen 
w0U Mbe too far away ftommepatienttobe clearly discemableby the doctor. 

In the hybrid stethoscope, the visual display of the waveform appears on 
the rear of the bell receiving me body sounds. Heneo the physician holding the 
30 bell and listening to tire internal body sounds is able to simultaneously observe 
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<» Though the wave*™ is on a small soalc. i. Is not * from to 

eves of thephysician and therefore is easily observed. 
" b ,L present —en, instead of a cahie — » 
M and a stethoscope as in the Bredesen patient, there is a w^mk 

18 Henco this monitor cat be placed in a cental office whereby to hybnd 
^eoatriedbytodo^eanbea.tobedofapn^rentote^^ 

» -.odes an LcD devi« * or a like device, which cdubi* 
„ *o same wavefonn shown in the visoa. displt* modu,e, hot in a .arger scale 
alone a millisecond scale, as shown in Fig. 4. 

£ da* acquired by monitor » is vainab.e no, oniy to ihourtato 
^ of to disorder response for the internal body sounds hut ^ 

plia^ecord of the data andthe diagnosis based ~**»-^ 
1 downloaded into to data bank of a 

„ ftom monttor 18 . **->•> ^ of wMch fre physician 

dedicated computer 21 having a keyboard 22 By m 
ca n ^ diagnosis of the discader and the prescn-bed 
m ^pnter 21 is the waveform of body sounds emananng fan. Pronto 
moomp . ji.™.;. and treatment based on to 

patient, an analysis of this wavefonn, and a dtagnosts and trea 

fte da* can be cireniaten to con— and omers having an m^m to 
patient's condition. And to data can be conveyed m the web sttos of heaith care 
management organizations on an Internet highway. wrfiewiBt 
M tte same monitor can service several hybrid stefcoscopes, m whtch event 

to date base next to the data derived ftom to stethoscope. 
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Modifications: Modu,e 14 shown to Fig. 5 is only capable of 
transmirangw 0 ?«w.mted bv a receiver in the monitor. 

However in some instances, u is u » ^ . _ «. 

t. «M. of communicating with each other. To this 

. Xoce that is seen on the LCD screen of the local modu.e » to 

„ wavefo^ofsonnds^^enupbya^^e a 

Such mtercommunfcation among modules makes it po» 

-. . waveform of sounds being picked up by a 

.... d t_ ^3 way , the examining physician can later analyze in oep 

or JS^ovided wtth a microwave transmitter to convey the data » 
VTJL L all of which are provided with a receiver tuned to the 
ft^cvoflhemoduletransmite e<J 
One of these sites is the external monitor 18, previously 

M Another external site is p (js cm*xim&°<* thepatient 

which is stored not only the waveform of the sounds emanaung 

D Jsary, the physician can obtain from center 24 a pnntout of a pafent s 
medical record. 
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Module 14 can also communica » — — » — 25 » "» " 
Lined, in W Uch case the modules, in addition to tar* > 
previously explauied, » . _ 

™ wZy H- websfte may for example be a healfcoare 

5 ^ri2^---— — - — ^ 

.^eianwboisan^o^o^ ^ *e lungs 

during respiration are of m gn somds 
„ « breaming wiU ^^IgT^o^tocbe, 

sounds has been known to medicine since m 

~™ advanfcge mat a modem pnysician has over Hippocm.es is mat be 

— «Mch annates me nigb-fie.nency 

s^oscope mncuons as a ^- «- ^ 

exponents of me sound, bean, by an mainly in the 

sounds produced b, — Xr^bebemdoymepbysician 
20 high-frequency sonic range, tney w 

^^^3^ stemoscope does pic, up me mU « 

JL, me bell ,0 hears is picted up M „ 

M .ttachedtotbebell.HeneemeausculanonsignalSy.eldedbym. op 

MhMtotherespnatorysonnas^ ^ Jg on 

^tmal S is iransmitted from module 1* w u 

30 state or tape recorder 27. iwsreooru g 
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by a physician then diagnosing the patient's condition. 



Multi-Mode Operation . 

»JL by — of . — «■ «* ««« <° ,to *r-* 

5 cald iec vascular or tog disorders, for it is usefol in diagnoses any abnonna! 
21. giving rise to interna! sounds ioud enough to Be picked up by - 
r^e sloseope. In order therefore to operate a hybrid stefcoscope . 
^ordance with the invention in any one of several diagnosttc modes each of 
reserved for a particnlar region of the body, module 14 as shown nr 
,. Hs 6 is provided with a knob-operated mode selector switoh 28. 
'° ' ». ^ operas conpied to a code generator (not shown) wfccb 

3*3 to ^Se the auction signal from the microphone winch ts bemg 
with a ninety cone signs! which identifies -he mode of the 



33SCulation signal. Fi „ 7 3hows the body 28 of a patient who is to 

Thus bv way of example, Fig. 7 snows me duuj_ r 
is inus Dy w y _ x + v„ rw Mode which takes effect 

be examined in toee modes. Mode I is the Chest Mode w 

m d other sounds accompanying abdominal activtty. There can of 
cc3.se be additional mode, dmiifledj ^ 

By coding the mode, each ansculanon sign 
* facintating to later retrieval. Thns if a doctor some weeks after a Mode 
L^tiL Wishes to hear the sounds of breathing recorded at thebmc of * 
^ on, he has only to consnlt the patient's file as presented on the 
computer screen, and select from this file the desired mode recordmg 

Ibis multi-mode arrangement makes it possible to conduct a full 
30 s^oscupio examination of a patient to record the sounds emanating from 
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so u»ds produced in various internal regions of a given patient, and to later 
Btrieve any one of these recordings, as weU as the visnal waveforms of the 

recorded sounds. , 

White there has been shown preferred embodiments of the inventton, * . 
to be understood that tnany changes may be made therein without departing from 
fce essential spirit of the invention. Titus some of the analytical function. .earned 
out fa me external monitor such as a reading of pulse rate can be carried out by 
mram of an hriegmted-drcuit chip included in the module, in which case dam 
^dueedbymechipcanbepreseruedonutelXlD screen of themodule above ox 
Low me waveform or the dam may be recorded in a solid state memory m me 
dup and bier downloaded into the databank ofthe computer. 

Instead of mounting the LCD module on the bell of the stethoscope to 
display me waveform of the cardiac or other internal sounds picked up by the 
ML the IDG module can be an independent unit which is wired to the 
^oscope. Indus way a physician can whh one baud apply me stethoscope to 
the body of a patient and baton to the sounds picked up by the stethoscope, wbtie 
holding theLCD module inhis outer hand to observe tire waveform dtsplay. And 
ta^d of a wired connection between the LCD display ami the stemoscope^ 
wireless mfiared or microwave interconnection may be used to effect tins 
coupling. 



